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Introduction
Deciding whether or not to become an entrepreneur is a situation under true -Knightian -uncertainty: There is no way to quantitatively assess one's chances of success because by definition an innovation creates a new market situation for which no data is available. Often, an entrepreneur has to obtain external finance, a common source being the market for business angel investment. From an investor's perspective, the uncertainty he faces regarding a potential startup investment is even larger. To the same extent as the entrepreneur, he is confronted with uncertainty about the demand for the new product. In addition to that, an investor is confronted with uncertainty regarding the entrepreneur's characteristics: skills and capabilities that have an impact on his market success, as well as his personality, which can ease or complicate the investment relation. How do business angel investors decide whether or not to make a particular investment? Lewis and Weigert (1985) relate situations of high complexity to the need for trust as a substitute for a rational probabilistic decision rule: "Trust begins where prediction ends." (p. 976). Wong et al. (2009) , Sudek (2006) and Prowse (2005) indeed find that trust is an important determinant of investment decisions in business angel finance, whereas Bottazzi et al. (2011) show empirically that trust matters even for the provision of venture capital.
I therefore model an agent-based angel investor market where sufficient trust is a precondition for investment, but where investors are otherwise as rational as possible given the available information. Trust is updated based on received returns only. Investors communicate with other investors in a network-like structure. Comparing returns with others, investors determine what level of returns constitutes an acceptable level for them. If this level is not reached, an investor becomes disappointed by an entrepreneur and his trust in him decreases.
Entrepreneurs are homogenous, apart from an idiosyncratic productivity shock each period. They produce according to a linear production function that takes as inputs capital provided by investors and an entrepreneur's own capital contribution that is paid out of savings. Each period entrepreneurs decide how to use their revenue. First, they have to pay back what they received from the investor. Then, they can use the remaining profit to pay an interest rate to the investors in the hope of attracting more funds in the future, or they can save it and invest in the firm themselves next period, or they can add the profit to their private wealth. They use heuristics to determine what proportion of their profit is returned as interest, what proportion is invested, and what proportion is added to their private wealth.
Investors are assumed to adjust their trusting behavior so that their returns are maximized 1 . I therefore investigate what an optimal trusting strategy is if all investors behave in the same way. In a second step I study whether it is rational for an individual investor to deviate from this strategy by trusting more, or less. Relevant decision parameters are the following: First, investors decide how easily they are disappointed, i.e., how tolerant they are if the return from one of the entrepreneurs they invested with is lower than the average return the other investors received (disappointment threshold). Second, they decide how many disappointments they are willing to accept before they end the relation with an entrepreneur (trust decrease).
The model was calibrated so that it roughly fits criteria of the US business angel market. However, the model could easily be calibrated to match other settings, or it could be extended to model e.g. a banking network based on trust.
The paper is structured as follows. Section 2 provides a more detailed explanation of my understanding of trust and a literature review. Section 3 introduces the model and its calibration. Section 4 presents results, section 5 concludes.
Trust
Although the relevant literature abounds in definitions of trust -see, e.g., Gambetta (1988) , Falcone and Castelfranchi (2001) , Nowak and Sigmund (2005) , Sapienza et al. (2013) , Yamagishi (2001) -I define trust narrowly as "firm belief in the reliability, truth, or ability of someone or something" (Oxford Dictionaries). This implies that I also do not distinguish between trust and confidence, as it is sometimes done (see, e.g. Earle 2009 ).
Trust serves as a way of forming expectations when the future is highly uncertain. Therefore, trust has become a buzz phrase when refering to the recent financial crisis (see Guiso et al 2008 , Sapienza and Zingales 2012 , Mayer 2008 , Tonkiss 2009 , Earle 2009 , Roth 2009 ). The aim of this paper is to formalize this often rather vague idea and to relate it to actual decision making. To do this, it is assumed that initial trust is related to cultural closeness, as found to be the case by Glaeser In order to create a cultural sphere, agents in the simulation are placed randomly on a two-dimensional grid. The Euclidian distance between two agents is assumed to represent their distance in the cultural sphere. Investors are assumed to prefer those entrepreneurs that are culturally close. There is a correlation between preferential attachment, higher initial level of trust towards culturally close individuals and lower transaction costs in evaluating and monitoring the trustee, because common social norms, "implicit, pre-existing and unspecified conditions for cooperation" (Nooteboom 1996) , lower the necessity for specification and monitoring of contracts. Also, the return from monitoring might be higher if the cultural distance is low (Zak and Knack 2001) . Bigley and Pearce (1998) provide an overview of the literature that relates trust and transaction costs. Investors in the model have a fixed time budget which they can spend on maintaining links to entrepreneurs.
Methodologically, this paper is most closely related to Gorobets and Nooteboom (2006) , who employ an agent-based computational model to investigate whether and under what conditions trust is viable in goods markets, and to Roos and Klabunde (2013) , who study the implications of different trusting behaviors of investors for entrepreneurs' market success using the same agent-based model employed here.
Model
There is a fixed number of investors and entrepreneurs 2 . While there is no entry or exit of investors, entrepreneurs leave the angel segment of the market voluntarily or forced. To keep the number of entrepreneurs fixed, each leaving entrepreneur is replaced by a new one with a random location in the social space. All investors and all entrepreneurs are homogeneous with the exception of an idiosyncratic productivity shock each period to the productivity of each entrepreneur's firm. There is no direct interaction between entrepreneurs, but every investor is part of a constant random network with 5 direct ties to other investors. Investors share the information about their average return received from their entrepreneurs within their network.
In a time step of the model the following happens:
1. If investors have not exhausted their time budget on entrepreneurs, they create new links to new entrepreneurs. The cost of a link is proportional to cultural distance. 2. Investors decide with whom of their associated entrepreneurs they want to invest this period and what amount to invest with whom. 3. Investors endow entrepreneurs with capital. 4. Entrepreneurs learn their output, which is determined by a linear production function plus a stochastic component that represents the uncertainty of the environment. 5. Entrepreneurs return the investment they have received to the investors. Then they decide how much of the profit to set aside for their private wealth, how much to give to the investors as interest, and how much to invest in their own business in the next period. 6. Investors receive their return from the entrepreneurs. 7. Investors update their trust towards the entrepreneurs. 8. If the trust to an entrepreneur is too low, the investor cuts the link. 9. If the sum of an entrepreneur's capital and private wealth is ≤ 0, he goes out of business and is replaced by a random new entrepreneur. 10. If the sum of an entrepreneur's capital and private wealth is higher than his saving target he exits the angel market segment and is replaced by a random new entrepreneur.
11. If investors have no capital left they exit the market and are replaced by a random new investor.
The entrepreneurs employ heuristics to adapt their strategy of deciding how much of their profits to return to the investors and how much to invest themselves in the firm. First, the entrepreneur computes his profit 3 π t = r t − i t , where r t is the return received and i t is the investment which the entrepreneur has to return to the investor. If π t > 0 and π t > π t−1 , the entrepreneur seeks to do more of what he seems to have done right. First, if π t ≥ p 3 , he sets an amount of size p 3 aside for his private wealth. p 3 is a parameter that is fixed for a simulation run and the same for all entrepreneurs. If π t < p 3 , he sets the full π t aside. Then, if p 1,t−1 > p 1,t−2 , he attributes part of the increase in his profits 4 to the increase in p 1 (the amount paid as a return to the investors) and sets p 1,t = p 1,t−1 + a, where a is the parameter for adaptation speed.
if there is any, is distributed in the following way: If π t − p 3 − p 1,t ≥ p 2,t−1 , the entrepreneurs sets p 2,t = p 2,t−1 , where p 2,t is the amount set aside for investment in his own business in the next period. Any remaining profit is split up in half and added to p 1,t and p 2,t in equal proportions. If π t > 0, π t > π t−1 and p 1,t−1 < p 1,t−2 , he does the opposite: He increases p 2,t in a way analogous to the one described above. If π t > 0, but π t < π t−1 , he increases p 2,t if p 1,t−1 > p 1,t−2 in the way described above, because he believes that profits are too low partly because p 1,t−1 was too high and p 2,t−1 was too low. Instead, he increases p 1,t if p 2,t−1 > p 2,t−2 . If π t < 0, p 1,t , p 2,t and p 3,t are all 0. In the very first year of existence, when entrepreneurs do not yet have any values to compare the current profit to, they split up equally what remains of their profit after subtracting p 3 .
The model is calibrated in order to roughly match some stylized facts of the U.S. angel investor market as described in Wiltbank and Boeker (2007) and Shane (2012) : duration of average investment 3.5 years, proportion of investments that angels lose money on 50%, average annual rate of return 31%, distribution of returns right-skewed, average number of angel investments made by an investor per year 0.43, average number of investors per start-up 4.9. The calibrated parameter values that were used as baseline values can be found in Table 1 
Results
First, I examine at which parameter combination investors maximize their return when they act as a collective, i.e. when they all follow the same behavioral rule. How critically should they evaluate the information they receive from the other in- 3 For the sake of simplicity the subscript i to denote entrepreneur i was omitted. 4 He does not know his production function and therefore does not know the size of the stochastic component. 5 A detailed description of the calibration procedure can be found at http://www.openabm.org/model/3813/version/2/view. vestors? Should they be disappointed easily, or rather be more lenient? How many disappointments in a particular entrepreneur should an investor tolerate before he cuts the link? A priori the answers to these questions are not clear: Being very patient has the advantage of being able to build up a longer-term relationship with an entrepreneur that might induce the entrepreneur to increase his interest payments over time and therefore be beneficial for the investor. On the other hand, being too lenient might lead to continued support of an entrepreneur who is not well enough positioned to survive in the market and will therefore eventually go bankrupt. Investors can decide how easily they are disappointed -i.e., if they are already disappointed if their return from an entrepreneur is just below the average return of the other investors (disappointment threshold 1), or if they tolerate up to a return that is e.g. only 60% of the other investors' return (disappointment threshold .6). They can also decide how often they accept being disappointed before they eventually cut the link. This latter criterion, number of tolerated disappointments, is closely related to the value of trust decrease, the size of steps in which trust decreases when a disappointment occurs. Although investors cannot observe their level of trust, I use trust decrease here instead of the number of disappointments tolerated because it corresponds directly to a model parameter. The corresponding level of trust decrease can be calculated for every number of tolerated disappointments in this way:
where td is the parameter level of trust decrease,t is the average level of trust between an investor and an entrepreneur, c is the level at which trust is cut andnd is the average number of disappointments tolerated. The level of trust cutoff c is kept constant at .2.
How much should an investor trust the startup entrepreneur? A network model. 9 First, trust decrease and disappointment threshold are varied separately, keeping the other parameter fixed at its baseline value 6 . -.0635*** (.0098) . 4 -.0448*** (.0098) .5
-.0372*** (.0098) .6 (baseline) 1.8549***(.0069) .7
-.04439*** (.0098) . 8 -.0478*** (.0098) .9
-.0630*** (.0098) 1.0 -.0765*** (.0098)
Base category: baseline value of disappointment threshold .6. Independent variable categorical, standard errors in parentheses, *, **, *** indicate significantly different from zero at 10%, 5%, 1%. Table 2 shows that when trust decrease is kept fixed at its baseline level, the level of return is highest at the baseline level of disappointment threshold, .6, which serves as the base category. Return is an inverted u-shaped function of the disappointment threshold. The picture is different for trust decrease: it is mostly not significant when varied on its own (see table 3 ).
However, it is evident from fig. 1 that the interaction of both behavioral parameters is important. The mean return investors receive is highest at a high level of disappointment threshold and a low level of trust decrease, that is, when investors compare their returns critically with each other but do not act on those disappointments by cutting the link until very late. Investors' return is highest -on average 90.33 percent -at a value of disappointment threshold of 1 and a value of trust decrease of .1.
Intuitively, the explanation for this result is the following: If investors are almost never disappointed, or if they are, they tolerate a lot of disappointments before cutting a link, many entrepreneurs stay in the market after several negative productivity shocks in a row. Those entrepreneurs tend to pay low returns to the investors. If, on the other hand, investors cut the link after just one or two disappointments, in particular if they are disappointed easily, even small productivity drops can end connections between investors and entrepreneurs. The effects are mainly negative for the investors as they forgo returns from entrepreneurs that are in principle well positioned and willing to return a lot. To some extent, investors can offset a higher value of trust decrease with a lower value of disappointment threshold, i.e., if in- vestors do not tolerate many disappointments with one entrepreneur, they should not get disappointed easily.
The following results investigate further the interaction between the two behavioral parameters. The first column of Table 4 shows that when both parameters are varied -disappointment threshold in steps of .1 from .2 to 1 and trust decrease in steps of .3 from .1 to 3 -the return-maximizing value of disappointment threshold is .8, but when disapointment threshold interacts with trust decrease, the latter changes the sign of disappointment threshold for values larger than .4. This means that when trust decrease is high, i.e., when investors are impatient with entrepreneurs, they harm themselves if they become disappointed very easily when comparing returns with other investors. Also when trust decrease is the categorical variable and interacts with a continuous disappointment threshold (second column of table 4), it clearly shows that as the value of disappointment threshold increases, it decreases returns if trust drops in large steps (e.g. when trust decrease = 2.8), but when trust decreases in small steps (e.g. when trust decrease = .1), it is better to choose a higher value of disappointment threshold. In this sense, trust decrease and disappointment threshold offset each other. Column 3 of table 4 confirms this: Both parameters on their own increase returns when they are set to larger values, i.e., when investors are stricter. The interaction term, however, has a significantly negative impact, showing that being too strict is disadvantageous, too.
Next, I release the assumption that all investors behave in the same way and check whether one investor can improve his result if he deviates from the collectively optimal behavioral parameters. The parameter trust decrease was varied from .1 to 2.9 in steps of .2 and disappointment threshold from .1 to 1.0 in steps of .1 for one individual investor -henceforth called investor 50 -while keeping the behavioral parameters for the 209 other investors at their collective optimum values Table 4 OLS regression of return on disappointment threshold and trust decrease a .
Average return b
Average return c Average return d dis. threshold (continuous) -.0018** (.0009) .0096*** (.0005) dis. threshold .2 -.0310*** (0.0057) . 3 -.0302*** (.0057) . 4 -.0239*** (.0057) . 5 -.0333*** (.0057) . 7 .0201*** (.0057) . 8 .0340*** (.0057) . 9 .0282*** (.0057) 1.0
.0268*** (.0057) dis. threshold .2 x trust decr.
-.0001 (.0003) .3 x trust decr.
-.0004 (.0003) .4 x trust decr.
-.0007** (.0003) .5 x trust decr.
.0009*** (.0003) .7 x trust decr.
-.0025*** (.0003) .8 x trust decr.
-.0034*** (.0003) .9 x trust decr.
-.0037*** (.0003) 1.0 x trust decr.
-.0045*** (.0003) trust decr. (continous)
.0000 (.0002) .0021*** (.0002) trust decr. . of .1 for the former and 1.0 for the latter. 100 runs per parameter combination were performed (i.e. a total of 15000 runs). The average return of the other investors, excluding investor 50, was 90.27 %. The investors' return at the optimal parameter combination in the previous experiment was 90.33%; the difference is not statistically significant. Quite frequently, investor 50 performs better than the others. The highest average return for a parameter combination is 131.49%, which is reached at disappointment threshold = .1 and trust decrease = 1.1. That is, an individual fares best if he is not disappointed when the return from his entrepreneurs is lower than that of the other investors. But if the return from an entrepreneur is extremely low -lower than 10% of the other investors' return -investor 50 is disappointed and his trust decreases by a fairly large amount, much larger than in the collective optimum. The average return of investor 50 at each parameter combination is shown in fig. 2 .
The high average value of return at (.1, 1.1) is not due to an outlier: the variance of return is not higher than for the other combinations. Why is it possible for an individual investor to increase his return by deviating from the parameter combination that was found to be collectively optimal? Since return is calculated as amount re- ceived from the entrepreneur divided by amount invested, the higher return could be due to either a lower amount invested, or a higher payment from the entrepreneurs. The latter could be due to either a larger number of links to entrepreneurs, or a higher payment per entrepreneur. The amount invested turns out to be the same, but investor 50 has both more links and a higher interest payment per entrepreneur/link. This yields the following hypothesis: Investor 50 might be freeriding on the critical comparison that the other investors are performing. They all have a disappointment threshold of 1, that is, they are very easily disappointed. If several investors are disappointed and decrease the trust in an entrepreneur until eventually cutting a link, an entrepreneur with several negative productivity shocks in a row will be forced out of the market because he will not obtain funding anymore. If an investor is fairly far away from an entrepreneur in the cultural space so that the initital level of trust is already low, one disappointment -a return slightly lower than the average of the other investors -might suffice to cut the relation. This entrepreneur, who is not performing as badly otherwise, might pay high interest to other investors in the future, including investor 50. Therefore, only entrepreneurs that are, after a row of negative shocks, not well positioned will be forced into bankruptcy. Investor 50 is not going to connect to them. With this mechanism in place investor 50 can afford to have a low disapointment threshold himself. By not being disappointed easily he builds up long-lasting relationships with all of the entrepreneurs he is connected to, close or distant. These entrepreneurs keep paying an interest to investor 50. This interest is going to be higher if some other investors have cut the link to the entrepreneur, so that investor 50 is the only investor the entrepreneur is still connected to. In this case, investor 50 will receive all of the entrepreneur's p 1 . Investor 50 is only disappointed if an entrepreneur performs really badly, and in this case his trust decreases by a large amount, i.e., he will not tolerate extremely bad performance for long.
To verify this hypothesis it is necessary to run a version of the model where all investors follow the individually best strategy, i.e., have a disappointment threshold of .1 and a trust decrease of 1.1 at each disappointment. Indeed it turns out that the investors as a collective perform worse if they all follow the individually best strategy. Their average return is only 80.59%. Summary statistics of all three versionsall investors perform at the collective optimum, investor 50 follows the individually optimal strategy while the others follow the collectively optimal strategy, and all investors behave according to the individual optimum -are summarized in table 5. Table 5 Summary market characteristics when all investors follow the collectively optimal strategy, when an individual investor follows the individually optimal strategy, and when all investors follow the individually optimal strategy. Indeed the relations with entrepreneurs have a much longer duration for investor 50: 7.98 periods vs. 3.86 in the collective optimum. Although investor 50 has on average more links to entrepreneurs (3.80 vs. 3.31), his absolute amount received per link is higher, too (47.00 vs. 40.27). This is remarkable because the part of profit that entrepreneurs pay as interest to the investors (p 1 ) is lower compared to the amount entrepreneurs invest in their firms themselves (p 2 ) for investor 50 than for the other investors. The summary statistics for the case where all investors use the individually best strategy show the following: Although the number of links per investor and the average duration of investment is fairly close to the result for investor 50, the return of the investors is much lower because the total amount paid out to them from the entrepreneurs is lower (126.41 vs. 162.04 for investor 50) as well as the amount received per entrepreneur (34.08 vs. 47.00 for investor 50). This speaks in favour of the hypothesis above: The overall quality of entrepreneurs in the market is lower in the case where all investors have a low disappointment threshold. The fact that p 1/p 1 +p 2 is larger (.42 vs. .38 for investor 50) although p 1 is smaller (126.41-69.99 = 56.42 vs. 162.04-70.00 =92.04 for investor 50) confirms this: The average p 2 , i.e., the amount that entrepreneurs invest in their firms themselves, must also be smaller when all investors act according to the individual optimum.
Conclusion
I model a market for start-up financing where trust, which is a function of social distance, is the precondition for investment. Trust between an investor and an entrepreneur grows when the investor is satisfied with his investment and decreases when he is disappointed. An investor decides whether or not he is disappointed by comparing his return with that of other investors. How easily should an investor be disappointed, and how many disappointments should he tolerate before he ends the business relation with an entrepreneur? I find that when we set the restriction that all investors follow the same strategy it is best for investors to compare returns critically but to lose trust slowly. Thereby investors succeed collectively in sorting out entrepreneurs with a long row of negative productivity shocks that are unlikely to recover while at the same time making sure not to cut relations too soon and forego returns because of minor productivity drops. If we release that assumption and allow a single investor to behave differently, this investor fares better if he tolerates a much lower return before being disappointed. But once the disappointment has occurred due to an extremely low return it is best for the individual investor to stop being lenient and cut the link after just one or two disappointments. This increases both his overall return as well as the return per entrepreneur. The reason for this is that he builds up long term relations with entrepreneurs who over time pay higher interest rates that the other investors miss out on. If, however, the other investors join the dissenter and mimic his strategy, they lose collectively: The interest payments from entrepreneurs and the amounts that entrepreneurs invest themselves in their firms are both lower, indicating that more unproductive firms remain in the market for longer. Therefore, the freeriding investor's strategy works only as long as there are still enough investors who are easily disappointed to make sure that entrepreneurs with many negative productivity shocks are pushed out of the market. It is left to future research to find what the critical number of investors is that can use the individually best strategy before the market slips into the low-return state described above.
